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My invention relates to dynamoelectiric ma~
chines and has particular significance in con-
nection with large turbine generators,

Heretofore it has been a practice to construct
the stators of very large capacity dynamoelec-
tric machines each in two or more axially or
radially split sections which are separately
shipped from the manufacturing plant to the
place of installation where the sections are bolted
together to form the stator. Such constructions
have been thought necessary in order not to ex-
ceed the capacity, as to weight and size, of avail-
able means of transportation, but results in ma-
chines each of which has to be assembled twice,
once for final fitting and test at the manufac-
turing plant and again for operation in the cus-
tomer’s plant, and, furthermore, such assemblies
require accurate machining of the abutting sur-
faces of the sectors constituting the stator, and
requires that the windings be taken apart after
test to again be completed at the customer’s
plant, as they cannot be left completed when
the sectors are separated for shipment. Al of
this greatly increases the cost of manufacture
and of installation. Another practice in the past
has been to ship a stator core completely stacked
and wound by virtue of going to an interleaved
or double supporting frame of the type illus-
trated and described in Patent 1,689,503, issued
October 30, 1928, in the name of M. A. Savage
and assigned to the assignee of the present in-
vention, but in many applications such double
frame structure has been found very expensive
to make and awkward to assemble upon the cus-
tomer’s premises.

1t is an object of the present invention to pro-
vide simple and inexpensive means for overcom-
ing the abovementioned difficulties.

A further object of the present invention is to
provide a substantially completed electrical gen-
erator designed to produce more kilowatts of
electricity within present-day shipping limits.

A still further object of the present invention
is to provide a dynamoelectric machine utilizing
a plurality of coolers so arranged that each acts
as a single-pass cooler, thereby to eliminate ex-
cessive cooler drop and require lower fan pres-
sure for coolant circulation, with consequent de-
creased running losses.

Broadly stated, in accordance with my inven-
tion, I provide a cylindrical housing containing
co-operating rotor and stator core members with
the stator core having radial cooling spaces, and
I reduce the diameter of webs required to sup-
port the stator core from the housing by not re-~
quiring that they be provided with ducts or holes

5

15

20

30

35

40

2

for coolers or for passing ventilating medium
axially. To this end, coolers and the principal
axial ventilating medium passages are all lo-
cated outside of the main eylindrical support-
ing housing, Furthermore, the coolers are trans-
versely mounted in a removable part of a top
dome which can be easily unbolted from the re-
mainder of the machine, separately shipped, and
readily assembled on the machine at the installa-
tion site, thus allowing the construction of higher
capacity machines within present-day shipping
limitations while, at the same time, providing the
same or greater machine stiffness by the elimi-
nation of coolant medium holes in the support-
ing webs of the machine eentral portion.

The features of my invention which I believe
to be novel are set forth with particularity in the
appended claims. My invention itself, however,
both as to its organization and method of opera-
tion, together with further obiects and advan-
tages thereof, may best be understood by refer-
ence to the following description taken in con-
nection with the accompanying drawing, in
which Fig. 1 is a side elevational view, partly in
section, of a turbine generator embodying my
invention; and Fig. 2 is a cross-sectional view,
the left half of which is taken along the line
A—A and the right half of which is taken along
the line B-—B of Fig. 1.

As shownm in the drawing, the machine is pro-
vided wtih g stator core member (0 and a co-
operating rotor core member I{ having a shaft
12 which is journaled in bearings 12 in an outer
housing 14 substantially enclosing the machine.
As most clearly seen in Fig. 2, the outer housing
comprises a main cylindrical housing portion or
shell 14c, lower manifolds 147, and a two-vart
top dome comprising a straight-sided bottom
portion {4b permanently secuired to the eylin-
drical housing portion, and an upper dome por-
tion 14y removable with respect to said lower
portion {4b. Transverse coolers 15 are located
in the top dome upper portion 14z which, in ac-
cordance with the illustrated embodiment of the
invention. is made removable by being fastened
to the lower portion by bolts 16, which feature
co-operates with other features relating to the
transverse arrangement of coolers and axial pas-
sage of ventilating medium primarily outside of
the cylindrical housing {de¢, all as hereinafter
more fully described, so that even in the case of
machines of largest capacity, the overall dimen-
slons and weight of each readily separable part
can be constructed well within the capacity of
available means of transportation.

The rotatable core member i1 is provided with



2,650,094

3

siots containing a winding 17 (Fig. 2) adapted
te be excited with direct current, and the stator
core 18 is provided with slots containing a wind-
ing 18 constituting the cutput or armature wind-
ing and having leads extending through bush-
ings 19 which, in the illustrated embodiment,
rass through an extension 20 provided below the
right-hand one of the two manifolds {4m, as
viewed in Fig. 1, although obviously leads could
be taken out at any position and at either or both
ends of the machine.

The stator core {9 comprises a laminated eore
structure provided with radial cooling spaces. 21
extending therethrough, for example as shown
between spaced lamination stacks. This core
structure is supported in the main cylindrieal

22 surrounding the laminations and supperting
them through the ageney of key bar ribs 23 fo
which the laminations are attached. Plates 22
sve secured, as by welding, to the inside of the
shell 16¢ which is thus spaced from, while it en-
closes, the stator core member.

For the purpose of cooling the machine, the
housing is filled with & suitable ventilating gas,
such ag hydrogen, and with the arrangement of
the inveution, the cooling gas circuit is such that
all heated gas is discharged out of the top of
the generator main cylindrical housing, above
whieh it passes axially to and through the cool-
ers, and all cooled gas is admitted to the genera~
tor through the air gap and the hottom mani-
folds. It may be assumed that the arrangement
in the left-hand end of the machine as viewsd
in ®ig..1 is the same as that shown in the cut-
away portion at the right-hand end, except op-
posite hand, and at each end of the machine
there is a fan 24 mounted to be rotatable with
shaft 12 and enclosed by a fan casing 25 defin-
ing with the end wall of casing 14 an inlet
chamber 26. On its opposite side, each fan cas-
ing 25 cooperates with the end of the stator core
and with a semi-annulayr axially extending baffle
2% to form an exhaust passageway 28 opposite

the gap between the stator core and the rotor.

ecore at each end of the machine. As indicated

Ly broken lines at the right-hand side of Fig. 2,

this baffie 27 extends about 290 degrees or arcund
a1l except the lowermost portion of the machine,
connecting with the cylindrical main housing in
the lower quadrants so that exhaust chamber
22 opens into the manifold 14m through open-

ings 29 (see Fig. 1) provided in the ends of the.

lower pars of the cylindrical casing i8¢ for this
purpese. In the uppermost quadrants, the baffle
27 forms between itself and the main cylindrical
housing {dc (and between the endmost support
plate 22 and the outer radial extension of fan
casing 25) a chamber 3§ which, because the
space between the outside end wall {4 and the
fan casing 25 might not be large enough to con-
duct all the ventilating medium desired to have
enter the fan after being discharged from the
coolers 15, imay he provided with entrance holes
$1 (communicating with the enclosure within
the top dome) and provided with exit holes 32
in the annular plate 32q¢ (see Fig. 2) commu-
nicating with the intake opening 2§ for the fan.

The machine is of the multiple radial ventila~
tion type, characterized by the fact that ventilat-
ing medium flow is radially outward through
some of the stator core radial ducts 21 (as shown
in zones at the end of the machine) and radially
inward through other radial ducts 21 (as shown
through duects toward the center) according to
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4
longitudinal distance along the machine from
the ends. The path of the ventilating medium
is indicated by the arrows 33 from which it will
be seen that such gaseous cooling medium flows
as follows:

a. Radially outward through ducts 21 hetween
endmost stator core lamination stacks and then
into three chambers 34 defined between the first
four annular core supperting plates 22 (count-
ing from either end toward the lengthwise center
of the machine);

b. From a chamber 35 (between the fourth
and. fifth annular plates 2%) radially inward
through other ducts i to the alr gap and irom
there axislly inward and axially outward to job
with gas from other sources;

¢. From the air gap radially outward through
additional ducts 21 to a chamber 36 (between the
fifth and sixth annular plates 22);

d. From a chamber 87 (between the sixth and
seventh annular plates 22) radially inward
through adjacent duects 21 to the air gap and
thence axially in hoth directions;

e. Radially outward through centermost ducts
21 into & chamber 38 (bebtween the seventh an-
nular plate 22 from one end of the machine and
the seventh annular plate 22 from the other
end of the machine).

It is to be understood that where the annular
chambers extend around the periphery of the
stator core (as is the case with chambers 34-3§,
inclusive) the gas will spread to, or be collected
throughout, the entire circumfersnce, even
though the entrance is only at the bottom or
the exit is only at the top, as the case may be.

The ventilating medium discharged by each
axial flow fan 24 will take parallel paths, one
path being into the air gap and outward between
stator core laminations to spaces 34, then
through holes 38 in the top of the cylindrical
shell into the top dome, where a bafile 46 directs
the gas into and through an endmost cooler 5
from which it passes through the respective fan
entrance chambers 26 and 28 back to the fan
24. Another parallel path from the discharge
of each fan is radially outward over end turns
of the stator windings 18, down on either side
of the machine within the pseriphery of chambsar
28, through the bottom openings 2% info the
respective manifolds 14m and then dividing into
two alternate routss: one through heles &1 into
chamber 35, the other through each of two axially
extending bulbous conduits 42 (see Fig. 2) ar-
ranged one in each lower quadrant outside the

.eylindrical shell {dc, and then inward through

holes 43 (provided in the bottom of shell idc)
and into chamber 37. From chambers 35 and
87 the gas passes inward to the air gap, as pre-
viously described, and then ouiward through ad-
jacent ducts, about half of such gas reaching
chambers 35 from which it passes through holes
44 in the top of the shell, and the other half
reaching chamber &8 from which it passes
through holes 45 in the top of the shell. Gas
exits through holes 44 and 45 into the top dome
where it is directed by a top baffle 46 through one
of the center coolers (5 after which it passes over
baflle 40 and back to the fan inlet. .

With the arrangement of the invention the
coolers {5 can be shipped separately from the
upper portion of the dome {4u, and access had
to the bolts 1% through the cooler openings be-
fore the coolers are installed after the upper
and lower portions of the tocp dome have been

‘placed together at the final location. When in-
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stalled, the coolers are piped to a suitable supply
of fluid, such as water, as by means of pipes 50,
and on the final site the dynamoelectric ma~
chine may be supported through feet 51 secured
to the main cylindrical portion i4c and resting
on g foundation 52 (Fig. 2) above the level of
which, for the sake of appearance, the conduits
50 may be enclosed by light sheet metal cover-
ings 53 and 54. Various stiffening members 55,
56 and gusset plates 57, 58 may be provided in-
ternally of the main portion of the generator,
the top dome and the bottom manifolds, as de-
sired.

While coolers have previously been located in
what might be called a top dome, so far as I am
aware all the prior art arrangements have been
disadvantageous in that the dome has not been
split and the angle of attachment of the entire
dome to the cylindrical housing portion has re-
quired a permanently welded structure with no
part of the dome removable and, further, in the
prior art domes the coolers have been arranged
axially so that, of necessity, they needed to be
of the multi-pass type with the ventilating path
divided by baffles so that the ventilating me-
dium would flow back and forth across the same
ceoler between baffles as it progressed toward
the fan inlet. With the present invention, how-
ever, not only is a major portion of the dome
removakle but the coolers are so placed that the
ventilating medium passes through a cooler but
once, and this latter feature has been found not
only to decrease the size of stator supporting
web plates but to greatly decrease cooler drop,
thereby considerably reducing the requirements
of each fan and contributing to the overall effi-
ciency of the machine.

It has been quite customary in the past to
mount the coolers for large dynamoelectric ma-
chines, such as turbine generators, extending
axially between stator core and outer cylindrical
housing but, with the desired multiple radial
system of ventilation, this has necessitated a
great plurality of openings in the core support-
ing annular webs not only to accommodate the
coolers themselves but to allow axial passage of
ventilating medium on the way to and from such
coolers. The arrangement of the present in-
vention eliminates the necessity of having holes
or cutouts (in the annular supporting webs) for
either coolers or for tubes and passages, and this
elimination of all holes behind the stator core
for this purpose permits the use of a shallower
supporting structure for the same outside diame-
ter of generator, while maintaining the same
overall stiffness. Thus, within permissible ship-
ping clearances, the construction of the invention
permits a larger diameter of stator core and
winding, and therefore a rotor of greater diame-
ter, all of which combines to make possible a
generator of greater capacity.

There is thus provided a device of the charac-
ter described capable of meeting the objects
hereinabove set forth, avoiding the necessity for
assembly of a sub-divided outer frame or core,
or winding either by the customer or by the
manufacturers’ representatives in the field.
Since all that need be done in the field is to
bolt on the top dome, install the coolers and the
rotor, and connect the piping and wiring, there
may be realized a very substantial saving, be-
cause each machine can be shipped with the
laminated cores completedly stacked and wound,
without the necessity of going to an expensive
“double frame” structure.
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As many modifications of my improved dyna-
moelectric machine construction will occur to
those skilled in the art, I desire it to be under-
stood that my invention is not to be limited to
the particular arrangement shown and described,
and I intend in the appended claims to cover all
modifications which do not depart from the true
spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. A dynamoelectric machine having co-oper-
ating stator and rotor members with a gap there-
between, fan means for circulating a ventilating
medium to cocl said members, an outer housing
supporting said members and comprising a main
cylindrical portion surrounding said stator mem-
ber and having openings through the top por-
tion thereof and having openings through the
bottom portion thereof, bafile, duct and addi-
tional enclosure means for directing ventilating
medium so that all heated ventilating medium
will be discharged out of said openings through
said top portion and all cool ventilating me-
dium will be admitted to the dynamoelectric
machine partly through said gap between rotor
and stator and the remainder through said
openings through said bottom portion of said
cylindrical housing portion, and a removable top
dome portion having transversely arranged cool-
ers adapted to receive ventilating medium from
said openings in said cylindrical housing top
portion.

2. An outer housing for a turbine generator
having co-operating rotor and stator cores de-
fining an air gap therebetween, said stator core
comprising spaced stacks of laminations hav-
ing radial ventilating passages therebetween,
said housing comprising a main cylindrical shell
spaced from and surrounding said stator core,
a plurality of axially spaced annular web plates
supporting said stator core from said shell, low-
er manifolds extending axially outside the lower
portion of said shell, a two part top dome ex-
tending axially outside the upper portion of said
shell and comprising a lower straight sided dome
portion permanently secured to said shell and
an upper dome portion removably secured to said
lower dome portion, a plurality of coolers extend-
ing transversely through said upper dome por-
tion, and fan and baffle means for circulating
ventilating medium into said air gap and into
said bottom manifolds and therefrom radially
outward through at least some of said radial
ventilating passages between stator core lamina-
tion stacks and through said shell and axially
through said coolers.

3. A dynamoelectric machine comprising co-
operating rotor and stator cores with a gap
therebetween, said stator core having radial
cooling spaces therein, a main eylindrical hous-
ing spaced from and enclosing said cores, a plu-
rality of annular web plates supporting said
stator core within said cylindrical housing and
axially spaced to provide a plurality of annular
chambers communicating with said radial cool-
ing spaces, a two part top dome comprising a
straight sided lower portion permanently secured
to said cylindrical housing and an upper dome
portion removably secured to said lower portion,
a plurality of coolers each extending trans-
versely through said upper dome portion, a fan
at each end of said machine and secured to be
rotatable with said rotor core, fan casings ar-
ranged at least one about each of said fans and
defining fan inlet chambers and fan exhaust
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chambers adjacent the gap between said cores,
said cylindrical housing having openings com-
municating between said top dome and said fan
inlet chambers, bottom manifolds arranged atb
each end of said machine outside the bottom
portion of said cylindrical housing, said cylindri-
cal housing having openings communicating be-
tween each fan exhaust chamber and one of said
manifolds, and said cylindrical housing having
openings communicating between said bottom
manifolds and some of said chambers provided
by said axially spaced web plates, and said c¢ylin-
drical housing having openings communicating
between other of said chambers and said top
dome containing said coolers, and bafile means
for estahlishiag ventilating medium circuits
from said fans through said gap, outward
through some of said radial cooling spaces into
some of said chambers, axially through socme of
said coolers and back through said fan inlet
passages, and from said fans through said mani-
folds to other of said chambers, inward through
other of said radial cooling spaces, axially along
said gap, outward through radial cooling spaces
to some of said chambers, axially through other
of said coolers and back through said fan inlet
passages. :

4. In a dynamoelectric machine having co-
operating rotor and stator members with an air
gap therebetween and fan means for circulating
a ventilating medium to cool said members, the
combination of 2 cylindrical outer housing mem-
ber surrounding the stator and spaced radially
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therefrom, & plurality of annular web members
axially spaced in the annular chamber defined
between stator -and housing, said cylindrical
housing member having a plurality of ports in
the. botform portion thereof for admitting cool-
ant fluid to at least some of the annular spaces
defined between said web members, the cylin-
drical housing member having also a plurality
of ports through the upper portion thereof for
discharging spent coolant from at least some
of said annular spaces, walls defining passages
exterior of the lower portion of the cylindrical
housing member for conducting coolant gas from
the fan means to said coolant inlet ports, and a
removable top dome portion having a plurality
of transversely disposed coolers adapted to re-
ceive ventilating medium from the diseharge

ports in the upper housing portion and defining !

passages for conducting coolant back to the fan

means.
: JOHN J. BAHN.
References Cided in the file of this patent
UNITED STATES PATENTS
Number Name Date
1,559,162 Rice o Oct. 27, 1925
2,186,232 Baudry o Jan. 9, 1840
2,488,387 Elsie o Nov. 15, 1949
FOREIGN PATENTS
Number Country Date

379,039 Great Britain Aug. 25, 1932



